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ABSTRACT
Though the concept of single screw compressor has been developed for over 40 years, the manufacturing processes
of single screw are still expensive and laborious, because most manufacturers are still using special machine tools to
machine it. This situation badly limits the development of new types and new models of single screw compressor,
especially those large size models.
Manufacturing single screw by 5-axis Computer Numerically Controlled (CNC) machining centers is an attractive
idea, which can dramatically improve the manufacture ability. To realize this idea, an approach called “linear roots
of flutes single screw” was firstly proposed and published by industry researcher in the United States. A Chinese
authoritative “Compressor Manual” also introduced it and recommended it.
However, according to our analysis of this design, while considering the practical situation of cutting tools and
machine tools, we reach a conclusion that the way of “linear roots of flutes single screw” is incorrect in practice.
This paper put forward a practically proven approach for manufacturing single screw by 5-axis CNC machine center.
The process of this approach is presented. CP-type single screws manufactured by this technology have been
installed in 10 m3 single screw compressors, and good run-in results have been achieved.

1. INTRODUCTION
It has been over 40 years since the concept of single screw compressor was developed in the 1960’s. Currently, there
are four types of single screw compressor: CP, CC, PP and PC. Among them, CP-type is firstly developed, and till
now, it is still the one with the largest sales. This paper only focuses on the manufacture of CP single screw
compressor. An engaging pair of single screw compressor is combined by a main rotor and two gate rotors. This
paper only discusses the manufacture of the main rotor.
It is well know that manufacturing of single screw is very difficult. Only very limited number of manufacturers can
guarantee the machining quality. Until now, most of the manufacturers are still using special machine tools, which
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are designed exclusively for the manufacture of a specific component. Special machine tools cannot be applied to
components with different types and sizes, thus making the manufacturing cost very high. Therefore, the high price
and the difficulty of machining new types of single screw, specifically those large sized ones, have greatly impeded
the wide spread of single screw compressor.
In such a situation, researchers in the field of compressor manufacturing are always trying to break through the
“bottleneck“ of special machine manufacturing, in order to make a significant development of single screw
compressors.
In one specific chapter about single screw compressor in “Displacement Compressor Technical Manual” [2], a new
design proposed by researchers in industry of the U.S. [3] was introduced. It is claimed as a new design for
manufacturing single screw while using 5-Axis Computer Numerically Controlled (CNC) machining center to
replace special machine tools.
Is the new design correct in practice? After further research and practical implementation, we have concluded
however, that it is not feasible in practice. Single screw can be machined by 5-Axis CNC machining center, but we
need to take a quite different strategy.

2. THE DESIGN OF “LINEAR ROOTS OF FLUTES” SINGLE SCREW
The main idea of [2] and [3] is to make the roots of flutes of the main rotor to be linear ones instead of traditional
circular ones. We call this design “Linear Roots of Flutes” single screw.
In this design, it is supposed that, if the roots of flutes are designed to be linear ones, a flat-bottomed end mill in
CNC machining center can be used to machine the sides and roots of the flutes, which can match the mating tips of
gate rotor teeth.
At the first view of Figure 1, it seems there is no problem of this idea. Figure 1 is cross section view of a main rotor.
From this view, the bottom plane of an end mill is converged to a line, and the bottom of the main rotor is converged
to another line that coincides with it. When a gate rotor tooth sweeps through the body of the main rotor, its linear
mating tip would match the linear bottom of the main rotor very well. Because the design is so direct and simple, the
authoritative “Compressor Manual” in China introduces it with positive attitude.
However, we doubt it.
Actually, we had already succeeded in machining the main rotors with circular roots of flutes as shown in Figure 2
by 5-Axix CNC machining center with our own approach that we will introduce later.

Figure 1: Design of “Linear Roots of Flutes”
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Figure 2: Design of circular roots of flutes

3. THE REASONS TO DOUBT
Here are some reasons to doubt the design of “linear roots of flutes”. When machining the sides of flutes, we used
flat-bottomed end mill, the same tool as mentioned in the “Linear Roots of Flutes” design. We had observed,
however, roots of flutes machined by flat-bottomed end mill are not linear ones at all. In addition, when milling the
sides of flutes, if we cut the sides of a flute until their roots, the end mill will destroy the expected roots of flutes.
The destroyed root can be clearly seen in a CAD simulation animation, which is made according to the “Linear
Roots of Flutes” design. Figure 3A and Figure 3B represent two moments of the animation, showing 3D model of
the machined main rotor (we made six flutes in this case). An end mill with 18mm diameter is used here. It
machines the two sides of flutes separately, therefore, it passes the main rotor twice for each flute. It is the same
process as mentioned in [3].

Figure 3A: Simulation of machining (moment 1)

Figure 3B: Simulation of machining (moment 2)
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Figure 4A: The cross section view of a machined flute

Figure 4B: A conventional diagram of Figure 4A (not to scale)
Figure 4A shows the cross section view of a machined flute, while Figure 4B is a conventional diagram （not to
scale）of Figure 4A, showing relationships of the root profile we actually obtained and the linear one supposed to
get from the “linear roots of flutes” design. From Figure 4B, we can see the actual root of a flute is not a linear one,
instead, it is combined by two “arcs” (the left curve and the right curve in Figure 4B), which are obtained by the two
times machining of the end mill. According to our analysis, the heights of the two “arcs” are 0.5mm (left) and
0.25mm (right) separately in this case. In addition, the two curves are not connected smoothly. There is a sharp step
at the connection point of them. The maximum distance between the curves and the supposed linear line is 1.4 mm
in this case according to our analysis. Obviously, the root of the flute of the main rotor is already severely destroyed
now. No matter what kind of shape the gate rotor is, it can not match a main rotor with such a root of flute.
According to our practical experience, when machining the sides, the milling cutter must lift a height δ as shown in
Figure 5 to avoid over machining of the circular roots of flutes.
The key problem is: milling is neither planning, nor scraping. To get sufficient power for milling, milling cutter
must rotate around its own shaft axis in high velocity. At the same time, the milling cutter needs to rotate around the
center of gate rotors, and rotate around shaft axis of the main rotor. All these motions jointly determine the
machining result. The shape of the roots of flutes thus should be an envelope of the track of the milling cutter tip,
which is a combination of all the above motions. It can be imagined how complicated it will be. Definitely, it is not a
linear one.
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Figure 5: The milling cutter should be lifted when machining the sides

4. OUR APPROACH
According to our knowledge and experience, the design of circular roots of flutes should be maintained to make it
feasible to mill the roots of flutes by 5-Axis CNC machining center.
Our approach is:
z

Use flat-bottomed cylindrical (or conical) end mill to machine the sides of the flutes. In CNC programming,
value of δ at each moment should be calculated out. This δ will decide the amount of the lifting of the milling
cutter, in order to avoid destroying the roots of flutes.

z

To calculate the value of δ, firstly, the intersection of cylindrical (or conical) mill cutter and the surface of roots
of flutes should be found out. Then the furthest point and nearest point (observing along the axis of the mill
cutter from its back) should be determined. The difference between the projections of the furthest point and
nearest point is δ. Considering the mismachining tolerance, the valve of δ should be set a little bit larger for
safety.

z

The bottom parts of the sides of flutes might not be machined completely because of the lifting of the milling
cutter. This problem will be solved when machining the roots of flutes.

z

Cylindrical (or conical) end mill with R radius tips can be used to machine the root of a flute. The root should
be machined section by section as Figure 6 shows. R is equal to the radius of the outside circle of the gate rotor.
It is important to choose a mill cutter with proper diameter. If the diameter of the mill cutter is too large, corner
pockets near the root parts of sides of flutes that cannot be machined will be too large; while if the diameter is
too small, the mill cutter will be too soft to machine the component.

z

In practice, because of the diameter of the milling cutter, the roots of flutes can not be really extended to the
sides of flutes. The little untouched corner pockets left after milling will be processed later by scraping or some
other similar process.

Using the above process, we have succeeded in manufacturing single screws applied to compressors with 10m3/min
flow rate. Those single screws perform very well in trial run. Figure 7 shows the picture of a main rotor machined by
our approach.
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Figure 6: Machining the roots section by section

Figure 7: A main rotor machined by our approach

5. CONCLUSIONS
It is feasible to machine single screw by 5-Axis CNC machining center. However, the roots of flutes should be
circular ones instead of linear ones.
When machining the sides of flutes, the depth that milling cutter goes can not be the same as the depth of the sides
of flutes. The milling cutter should be lifted a little bit to avoid destroying the roots of the flutes.
Using the milling cutter with circle tip, we can machine a root of a flute section by section, and finally get a circular
arc root combined by all the sections.
For the untouched corner pockets close to the root parts of the sides of flutes after milling the sides of flutes, we can
process them by scraping.
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